INTRODUCTION
Finding effective treatments for oral cancers, oral lichen planus and recurrent aphthous stomatitis (RAS) are among the most important challenges of oral medicine [1] [2] [3] [4] . Recurrent aphthous stomatitis (RAS) is one of the most frequent oral diseases, and affects almost 20% of the population [5] , but incidence varies from 5% to 50% depending on the groups under investigation and populations [6] . The cause of RAS is still unknown, as a result, it has no definitive pharmacological cure. Various topical agents are used in management of RAS. These include anesthetics (benzocaine), corticosteroids (dexamethasone, fluocinonide), antiseptics (chlorhexidine gluconate) and antibiotics (tetracycline, Current Issues in Pharmacy and Medical Sciences [10] [11] [12] . The therapeutic potential of pomegranate peel has been widely recognized [8] , for example, traditionally, aqueous pomegranate peel extract (PPE) obtained by boiling, has been used to treat dental plaque and aphthae [8, 13] . Indeed, over the past few decades, scientific investigations have laid a credible basis for some of the traditional uses of the pomegranate peel.
Pomegranate peel has exhibited a high antioxidant potential. PPE and its bioactive ellagitannins (500-10,000 mg/L) have the ability to inhibit free radical generation in UVAand UVB-irradiated human skin, consequently protecting it from DNA damage [14] . PPE has been also demonstrated to inhibit inflammation and allergic reactions. The anti-inflammatory components of pomegranate, i.e., punicalagin and punicalin, significantly reduce production of nitric oxide and prostaglandin E2 [15, 16] . Ouachrif et al. reported antiinflammatory properties of the PPE following intraperitoneal and intra-cerebroventricular administration in rats. The experiments indicated pain index reduction and a significant decrease in egg albumin induced hind paw inflammation [17] .
Based on literature, two major factors involved in the incidence of RAS are the inflammatory responses and the reduction in antioxidative capacity. Cimen et al. [18] have reported a decrease in the enzymatic antioxidant capacity in patients with RAS. Karincaoglu et al. [19] found decreased glutathione peroxidase and other antioxidant enzymes levels in the saliva and serum of patients with RAS, in comparison with that in control subjects. In the matter of inflammation, studies confirmed that the disbalance between proinflammatory and anti-inflammatory cytokines may contribute to the formation of RAS. Indeed, Lewkowicz et al. [20] reported the enhanced production of proinflammatory cytokines and decreased anti-inflammatory cytokines by the peripheral blood mononuclear cells in RAS compared to the healthy controls.
Based on mentioned data, the present study was designed to study the efficacy of a topical form of PPE on RAS patients.
MATERIALS AND METHODS
This study was divided into two parts: laboratory procedures that involved the preparation of PPE topical gel and clinical trial that involved assessment of its effects on RAS patients.
Preparation of PPE
Fresh ripe pomegranate fruits were obtained from the local market in Kermanshah city, Iran. After washing, the peel (pericarp) and the pulp (mesocarp) of the fruit were separated from the seeds (endocarp). The plant material was dried in a greenhouse with air circulation, at room temperature for one week, followed by trituration in a cutting mill. The powder was stored in dark glass bottle until use. About 100 g of powdered peel material was added to a container containing one liter boiling distilled water. After about 20 min heating, the product was filtered through cotton plug and the residue was re-extracted in the same manner twice. The final concentration of PPE was 10%.
Preparation of topical gel
PPE and placebo gels were made in our laboratory. The topical gels were prepared by mixing the distillated water, 0.5% carboxymethyl cellulose (CMC), 2% hydroxypropyl methylcellulose (HPMC), ascorbic acid as a preservative, and PPE. This combination was maintained with continuous stirring. The mixture was then poured immediately into aluminum tubes, capped and refrigerated at 4°C. The treatment gel finally consisted of 10% PPE. The formulation for the placebo gel was similar to that of the treatment gel, but without PPE, and with coloring agents (red and brown) to make it indistinguishable from the treatment gel in appearance.
Quantification of total phenolics
Total phenolics content of PPE gel was determined according to the colorimetric reaction of polyphenols with Folin-Ciocalteu reagent [21] . An aliquot (1 mL) of the extract was mixed with 5.0 mL of 10-fold diluted Folin-Ciocalteu reagent and 15 mL 20% sodium carbonate solution. After 5 min., the absorbance was measured using a UV-vis instrument at 750 nm and the total phenolic content was expressed as gallic acid equivalents (GAE) in mg per g dry material.
Study Population
In this double-blind, parallel, randomized clinical trial, 56 RAS patients were recruited from those referring to the Faculty of Dentistry at Kermanshah University of Medical Sciences, Kermanshah. At the screening visit, an experienced oral and maxillofacial medicine specialist diagnosed the RAS and specifications were recorded on patient charts. The following exclusion criteria were applied: smoking or alcoholism habits, pregnancy and lactation, orthodontic devices, a history of systemic disease that might impact the RAS pattern, drug usage or any local or systemic medications for RAS occurring in the past two months. The trial was registered in Iranian Registry of Clinical Trials (IRCT) with the ID number IRCT2016092414106N3. The protocol of this study was approved by the Clinical Research Ethics Committee of Kermanshah University of Medical Sciences. Written informed consent was obtained from all participants in the study prior to treatment. A clinician (clinician A) evaluated the parameters and an initial questionnaire was filled in. Clinician A was blinded when he was filling in the questionnaire for every patient. A record of the name, age, sex, duration of ulceration, size of ulcer (largest dimension of the ulcer) and pain of ulcer region was made. The patients were randomized in two groups: 28 patients were advised to apply PPE, and the other 28 patients, as control group, received placebo, twice daily for one week. The tubes containing PPE and placebo gels were similar in shape and size, and were randomly designated by letters A or B (A -treatment group and B -placebo group). The patients were followed up by clinician B, who was unaware of the treatment administered. All the patients were blinded until the end of the study. Assessments were performed at days 0 (before using the oral gel), 3, 5 and 7 during one-week period of the study. Side effects were also monitored. The following clinical parameters were recorded and in both groups compared: ulcer size, pain of ulcer region and healing duration of ulcers. The size of the ulcers was assessed using a periodontal probe. The Visual Analog Scale (VAS) was used for assessment of pain intensity. Herein, the patients were asked to score the severity of pain on a 100-mm VAS, a 100-mm line labeled at one end as "no soreness" and the other end as "extremely soreness".
Data analysis
The results were analyzed using SPSS (version 18.0) and R software (version 3.2.2), by Independent samples t-test and Mann-Whitney U-test. The normal distribution of the data was evaluated by the Kolmogorov-Smirnov test. In all comparisons, p < 0.05 was considered as statistically significant.
RESULTS
The development of standardized herbal medicine requires one standardization product containing an active compound to be used as a marker. In regard to preparation of the topical form, the amount of total phenolics in PPE topical gel was determined with the Folin-Ciocalteu reagent. Figure 1 shows the contents of total phenols that were measured in terms of gallic acid equivalent. A total of 56 RAS patients aged 19 to 42 years (mean age, 35.18) were enrolled in this study. After the beginning of the trial, no patient withdrawal occurred. There were no significant difference in terms of gender (p = 0.788) and age (p = 0.827) between experimental and control groups ( Table 1 ). There were no significant differences in ulcer size (p = 0.889) and pain (p = 0.286) between the two groups at the baseline (Table 2) . The PPE group showed marked reduction in ulcer size at days 3 (p = 0.001), 5 (p < 0.001), and 7 (p = 0.01) when compared to the placebo group (Table 3 ). The median values of ulcer size in the PPE group was significantly reduced to 1.98, 0.42, and 0.04 in days 3, 5 and 7 after the intervention, respectively ( Table 3) . PPE was shown to be as effective with regard to reducing the pain of ulcer region (Table 4 ). In relation to the pain of ulcers, at the day 7, no patients in the PPE group had any pain (p = 0.01). The PPE group also showed significant improvement in the ulcer healing duration after treatment (Table 5 ). Compared with the placebo group, duration of ulcer healing decreased significantly from 7.09 to 4.91 days (p < 0.001). None of the patients reported any irritation or other side effects at the site of application and other oral locations during interventions. 
DISCUSSION
Several symptomatic treatment modalities have been introduced to improve RAS symptoms. Most of these remedies are topical and are aimed at prevention of secondary infection, reduction of pain and inflammation, and at promoting ulcer healing. The most common topical agents are antiseptics (e.g., chlorohexidine, benzydamine, and doxycycline), anesthetics (e.g., benzocaine, lidocaine), corticosteroids (e.g., dexamethasone, triamcinolone) and immunomodulatory agents (e.g., amlexanox, colchicine, cyclosporine, cyclophosphamide, and methotrexate) [7] . However, all of these have side effects and risks that must be weighed against their benefits. There are obvious disadvantages in the use of broad-spectrum antibiotics for this purpose, the risk of hypersensitivity reactions and the growth of resistant organisms. Moreover, there is the possibility of systemic absorption due to prolonged use of topical corticosteroids [6] . As a consequence of the problems associated with chemical drugs, herbal agents can be considered as alternatives for the treatment of RAS. In this study, it was assumed that among a number of therapeutic benefits, the anti-inflammatory, antioxidant, and anti-microbial characteristics of PPE could be more advantageous in the management of aphthous ulcers.
Studies investigating the oxidative stress status in patients with RAS have been shown a decrease in the enzymatic antioxidant capacity [18, 19] . In one such study, Saral et al. [23] demonstrated that the levels of selected antioxidant vitamins in serum and saliva are lower, while the lipid peroxidation and malondialdehyde (MDA) levels is higher in patients with RAS than in control subjects. Furthermore, results from a study on RAS patients by Arikan et al. [24] confirmed that glutathione peroxidase activities, vitamin E and selenium levels significantly decreased. Pomegranate peel, by holding valuable compounds including gallic acid, ellagic acid, ellagitanin, punicalagin, catechin and luteolin, has great antioxidant activity [8, 25] . PPE was demonstrated in a rat study to have the antioxidant properties of enhancing or maintaining the free-radical scavenging activity of the hepatic enzymes: superoxide dismutase (SOD), catalase, and peroxidase. Nomura et al. revealed that mouth rinsing with pomegranate extract dissolved in water three times/day increased the levels of antioxidant enzymes and decreased activities of aspartate aminotransferase, an indicator of cell injury [26] .
Pomegranate compounds, in that they have anti-inflammatory properties [8] , may help to improve RAS symptoms. The results from Sastravaha et al. indicated that local delivery of PPE (in combination with Centellaasiatica) significantly improved clinical signs of chronic periodontitis [27] . They observed significant improvement in the periodontal parameters and a decrease in the pro-inflammatory effectors IL-1β and IL-6 at three and six months, compared to baseline [28] . Of note, TNF-α pro-inflammatory cytokine is believed to play an important role in the development of new ulcers, and has been found to be increased 2-5 fold in the saliva of RAS patients [29] . Decreased levels have also been reported in the SOD enzyme -a salivary defense system which participates in the inflammatory response of RAS [30] .
PPE also have anti-bacterial and anti-fungal therapeutic effects on oral pathogens. The results of a randomized, double-blind study on sixty patients exhibited that pomegranate extract as a topical anti-fungal agent may be used for the treatment of candidosis associated with denture stomatitis and is as effective as miconazole, as a standard therapy. PPE gel was active against Streptococcus mutans, S. sanguisand S. mitis by controlling their adhesion potential to the surface in the oral cavity [31] . In this light, Batista et al. [32] conducted a randomized controlled clinical trial to evaluate the effectiveness of a mouthrinse with pomegranate and Matricaria recutita extracts, compared to 0.12% chlorhexidine in gingival bleeding subjects. The herbal mouthrinse were equally effective in alleviating this oral condition, producing anti-bacterial and anti-inflammatory properties similar to chlorhexidine.
Ghalayani et al. studied the efficacy of topical application of pomegranate hydroalcoholic extract for minor aphthous ulcer on 40 patients. They observed significant improvements, including reduction in pain and healing period compared to a placebo group [33] . In comparison to the present investigation, Ghalayani et al. [33] used Hydroalcholic solution of Pumegranate flower, but used water extract of the fruit peel by boiling water. In spite of similarities between flower and peel effective compounds, we aimed to assay the effects of native pomegranate of western region of Iran on RAS lesions and not the products of the Central region farms of Iran. In our work, in addition to period of RAS healing assessment, we assayed the effect of PPE on ulcer size in comparison with the Ghalayani and coworkers study.
We selected the 10% Gel concentration based on the study by Gavanji et al. [34] as they compared the effectiveness of different concentrations of Punica Gel on RAS patients. In the present work, the mean duration of ulcer healing was 7.09 days for the placebo group and 4.91 for the PPE group. The time period in Ghalayani [33] study was 5.3 days in the Pomegranate group and 8.6 days in the placebo group. The results of the study by Gavanji et al. [34] showed a mean healing time of 5.3 days for the Punica granatum group. The difference between two groups in the previous works [33, 34] and ours were statistically significant. Overall, however, these similar results confirm the potential healing of Pomegranate extracts.
The mean VAS score decreased from day 0 to day 7 for both groups and there was a significant difference between two groups in this regard. Comparing the result of the Mean VAS results of this study with that of Ghalayani et al. [33] , indicates similarities in regard to significant differences between Pomegranate and Placebo groups in the different days of Gel application. Of interest, in our work, lesions in the PPE group have a lesser painful period (5 days) in comparison with 7 days in Ghalayani's study. In Gavanji's research, pain satisfaction difference between the Punica granatum and Placebo group, using non-parametric method was significant. Herein, they found that the water extract can relief pain more than alcoholic extract due to the irritating effect of alcohol [34] .
About the safety of this formulation, we did not observe any adverse effects such as abscess, hypersensitivity or allergic reactions. Indeed, pomegranate juice, oil or peel extracts have been consumed for thousands of years without unexpected effects [10] . A research on 86 overweight human volunteers demonstrated the safety of pomegranate extract tablets in amounts up to 1.420 mg/day for 28 days, no adverse changes reported in blood or urine laboratory values [35] .
CONCLUSION
Parameters related to sample preparation and extraction process have key role in order to obtain a quality extract in terms of bioactive compounds such as polyphenol content. Furthermore, the type of solvents used and simplicity of methods need to be considered. We used simple, safe, and cost-benefit methods for preparation of this gel formulation. Our findings suggest that this 10% topical PPE gel can be a useful and cost-effective option for management of RAS.
PERSPECTIVE
Pomegranate is native to Persia (Iran), Iran tops the list of world's pomegranate producers, in 2015, the total annual pomegranate production was 1 million tons; pomegranate peel comprises almost 26-30% of total fruit weight, thus generating 260,000-300,000 tons of agro-industrial residue which could have medicinal applications [8] .
Supplementary information accompanies this paper at online version.
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